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By comparison with composition for sliding portion which 
consists of solid lubricant which is dispersed to resin and said 
resin which are a conventional , substrate , the coefficient of 
friction is lower, is superior in abrasion resistance , designates 
that composition for sliding portion where sieze resistance is 
good is offered as problem . 



[Means to Solve the Problems] 



composition for sliding portion of this invention , is dispersed 
by polyamideimide resin and said polyamideimide resin , 
including microcapsule which consists of lubricant 
whichconsists of oil or grease which is wrapped in film and 
said film which consist of resin designates that it becomes as 
feature. 



04 V . ^mm(Dmmm^m}^m-i. m 
:i OP Ai icmi$wmmx'h^:t4 /i^-^tci-ti/ 

Claims 



In other words, composition for sliding portion of this 
invention in substrate , issomething which disperses 
microcapsule which oil or grease which is a liquid lubricant in 
this PAI making use of polyamideimide resin (PAI ), 
encapsulation is done. 



[Claim(s)] 



[Claim 1] 



/■Ky T$ i mmt. myf-vr^ K-r 

Sit^'SS 5 /i-S y - ;^ ^ 



microcapsule which consists of lubricant which consists of oil 
or grease which is wrapped in film and said film which are 
dispersed by the polyamideimide resin and said 
polyamideimide resin , consist of resin and, 



Including, composition . for sliding portion which becomes 



[Claim 2] 



i*^ 1960-2940MPaT «9 . # Wf)*^ 10-^20% 



As for aforementioned polyamideimide resin , tensile strength 
with 78.4 - 98 MPa , thevertical elastic modulus with i960 - 
2940 MPa , composition . for sliding portion whichis stated in 
Claim 1 where elongation is 10 - 20% 



[IS*«3] 



[Claim 3] 
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■7^ ^ u:f]Z^±ju:§:m^ir^mtmmit. 2 



As for aforementioned resin which microcapsule configuration 
is done, the composition . for sliding portion which is stated in 
Claim 1 or Claim 2 which is a mixed resin which consists of 
resin of 2 kinds or more 



itmm] 



[Claim 4] 



As for aforementioned mixed resin , composition . for sliding 
portion which isstated in Claim 3 which is a mixed resin 
which is formed from any 2 kinds of urea resin , melamine 
resin , benzoguanamine resin 



[Claims] 



Furthermore composition . for sliding portion which is stated 
in any of Claim 1 through Claim 4 which includes solid 
lubricant which is dispersed to theaforementioned 
polyamideimide resin 



Il»*«6] 



[Claim 6] 



As for aforementioned solid lubricant , composition . for 

sliding portion which isstated in Claim 5 which is a one kind 
or more which is chosen from sulfide , fluorine compound , 
graphite 



If»*«7] 



[Claim?] 



composition . for sliding portion which is stated in any of 
Claim 1 through Claim 6 which is formed as coating film 
which coating is done in sliding portion 



.[lt*«8] 



[Claim 8] 



Specification 



As for diameter of aforementioned microcapsule , 
composition . for sliding portion which is stated in Claim 7 
which 10 - 100% of film thickness of theaforementioned 
coating film is 



[Description of the Invention] 



[0001] 



[0001] 



[Technological Field of Invention] 
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^^1^ (4x ^ff^^ this invention regards composition for sliding portion whose it 

"t^Z t Pltb^JSib p|5^t is possible to form sliding surface which is superior in 
So frictional characteristic . 



[0002] 



[0002] 



[Prior Art] 



There are 2 kinds of those where, roughly classifying, brake 
disc or other wayenlarging frictional force of counterpart 
member , it converts kinetic energy of counterpart member to 
frictional heat energy in sliding portion and thing and piston , 
cylinder or other way counterpart member which control 
exercise of counterpart member making frictional force small, 
preventdecrease of kinetic energy of counterpart member and 
maintain exercise of the counterpart member . 



Thing and abrasion resistance where coefficient of friction is 
small regarding sliding surface of sliding portion which 
corresponds to the latter , are high, such as factthat 
counterpart attacking property is small, it is required that 
frictional characteristic is good. 



Because of this , as for sliding surface of sliding portion , 
when it is formedwith composition (Below "composition for 
sliding portion " with it names. ) where frictional 
characteristic is satisfactory is many. 



[0003] 



[0003] 



skirt part and cylinder inner wall surface of for example piston 
, oil film lying between between both in time of normal 
operation , rubbing it does, but because the both it means 
direct contact to do in time etc of engine starting , coating 
doing composition for fluororesin or other sliding portion in 
skirt part surface of piston , when it forms sliding surface is 
many. 



XL ^ 4#§|BS54-162014-^'i>^{c: fi, y y fluororesin is designated as substrate in for example Japan 

^^tfll^Stt i: L I. (D^U\Z,WiWWi^M^ Unexamined Patent Publication Showa 54-1 620 Mdisclosure 

^Sfc $ ■tirfcigiblFBltffl^ajTfe^'C fc";^ h V^D and skirt part surface of the piston coating is done with 

— h pP^E ^ ^ ^ X >' L > T^id-^ composition for sliding portion which disperses solid lubricant 

h & [r] ± $ it 5 W^lfi^'k ^ to this substrate , technology which improves has 

ixT V So beenintroduced frictional characteristic of skirt part . 
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fluororesin coefficient of friction is small, in addition solid 
lubricant because self lubricity is high, as for composition for 
this sliding portion frictional characteristic satisfactory as the 
solid . 



[0004] 



[0004] 



[Problems to be Solved by the Invention] 



Lt^L. !|#r^Bg54-I62014-^^#-ei^^$iX 



But, there is a problem below in technology which is 
introduced with Japan Unexamined Patent Publication Showa 
54-162014disclosure . 



First, composition for sliding portion which is introduced with 
theabove-mentioned disclosure is superior in frictional 
characteristic , but level is notsomething which it is satisfied. 



xh^^^/^m^^^^i-?>m'^tit^i t 



It compares with composition for fluororesin or other sliding 
portion which does not make solid lubricant disperse which if 
from namely, until recently exists, with theeffect which 
disperses solid lubricant as for frictional characteristic 
although it hasimproved, as for fluororesin and solid lubricant 
partly due to fact that coefficient of friction is not low in about 
fluid lubrication , When you compare with case where oil film 
which is a liquid between skirt part and cylinder exists 
frictional characteristic is inferior. 



[0005] 



[0005] 



■rhm'K(Dm^s\tm^mik^^\^xii^ . 

i: T' g BJii&tt^Sfe^ LTV ^ 5)c 



In addition, crystal of substance which generally forms solid 
lubricant suchas graphite has had layered structure , self 
lubricity is guaranteed by fact thatcoimection (for example 
Van der Waals bonding ) of interlayer where bonding force is 
weak is destroyedand causes layer slip . 



Because of this , solid lubricant itself abrasion resistance is 
low, with proportion of solid lubricant , is a possibility 
durability of coating which coating isdone becoming bad in 
skirt part . 



Furthermore, solid lubricant which falls off from coating 
becoming the sludge , exists inside cylinder , as for this sludge 
is a possibility ofcausing adverse effect to engine 
characteristic . 



[0006] 



[0006] 
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When this inventor , in order to solve above-mentioned 
problem , repeats diligence , research, frictional characteristic 
of sliding surface can improve by forming the sliding surface 
with composition for sliding portion where lubricant of liquid 
iscombined, knowledge was acquired. 



this invention being something which is completed on basis of 
the this knowledge , designates that it offers composition for 
possible sliding portion ofthing which forms satisfactory 
sliding surface of frictional characteristic as the problem . 



[0007] 



[0007] 



[Means to Solve the Problems] 



mr^vr^ 5 vmmi^i^w^^ti. mm 
5. 



In order to solve above-mentioned problem , composition for 
sliding portion of this invention , is dispersed by 
polyamideimide resin and said polyamideimide resin , 
including the microcapsule which consists of lubricant which 
consists of oil or grease which iswrapped in film and said film 
which consist of resin designates that it becomes as feature. 



In other words, composition for sliding portion of this 
invention in substrate (matrix ),is something which disperses 
microcapsule which oil or grease which is a liquid lubricant in 
this PAI making use of polyamideimide resin (PAI ), 
encapsulation is done. 



paraphrase *, microcapsule which oil or grease encapsulation 
is done it issomething which binding is done with PAI. 



[0008] 



[0008] 



^^m<Dmmuumm^!^(Dmu t spai 



PAI which becomes substrate of composition for sliding 
portion of the this invention has characteristic which is 
superior in abrasion resistance . 
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So 



And, with composition for sliding portion of this invention 
liquid lubricant it is filledin microcapsule and disperses in PAI 
and damages, forms sliding surface with this composition and 
when rubbing it does aspect, microcapsule whichis expressed 
foaming it does with friction with counterpart member , the oil 
or grease flows out and covers sliding surface , means to 
guarantee lubrication . 



As for lubricant which is used with composition for sliding 
portion of the this invention , with liquid , coefficient of 
friction , counterpart attacking property is small by . 
comparison with the solid lubricant , there is not a possibility 
in addition sludge etc occurring. 



[0009] 



[0009] 



^xmjfj:mm^imf^ti^tt^-^m^j: 



Therefore, as for composition for sliding portion of this 
invention , thesatisfactory abrasion resistance of PAI which 
becomes substrate and small coefficient of friction and small 
counterpart attacking property which liquid lubricant has 
going hand in hand, itbecomes composition for sliding portion 
whose it is possible to form quite thesatisfactory sliding 
surface of frictional characteristic . 



mitmtitimwM\^^^^Lxmnir^z 



In addition, with composition for sliding portion of this 

invention , as wear of the sliding surface advances, by fact that 
new microcapsule expresses, normal supplyto sliding surface 
of liquid lubricant becomes possible, as for sliding surface 
which wasformed with composition for this sliding portion 
stabilizing frictional characteristic which issuperior it becomes 
possible to maintain. 



[0010] [0010] 



In addition, composition for sliding portion of this invention 
to have designated thermosetting resin as substrate , 
application doing rubbing of (Below "sliding portion " with 
you call ) in the surface which such as mechanical part which 
has surface which rubbing isdone is done, by thermal curing 
doing easily it can form (coating ) as coating . 



Ltii^-oX , ^SfSK) pPW^^^ft#tt i: Therefore, wear properties of various sliding portion it is 

± ^ <i: i^X^ s tCigffii" possible to be possible,to apply to broad application to 

5 r it i^'^^Xih^o improve. 

loon] [0011] 
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[Embodiment of the Invention] 



Dividing into item of embodiment , below, embodiment of 
composition for sliding portion of this invention , as 
embodiment , manufacturing method , coating film which 
includes basic constitution , solid lubricant of composition 
you explain respectively. 



[0012] 



[0012] 



basic constitution of (1) composition 



basic constitution of composition for sliding portion of this 
invention , is dispersed by the polyamideimide resin and said 
polyamideimide resin , including microcapsule which consists 
of lubricant which consists of oil or grease which is wrapped 
in film and the said film which consist of resin becomes, (It 
corresponds to Claim 1 ). . 



You explain below, polyamideimide resin , microcapsule 
concerning respectively. 



10013] 



[0013]. 



(a ) polyamideimide resin 



5 /-K y T $ K-r ? Km(PAi)f±. 



polyamideimide resin (PAI ) which becomes substrate 
disperses microcapsule , carries outfunction which abrasion 
resistance mortgage is done in addition to thefiinction which 
binding is done. 



Therefore, being necessary to be something which is superior 
in the mechanical strength it is required that especially tensile 
strength is high moderately. 



PAI is superior in mechanical strength by comparison with 
epoxy resin , polyimide resin etcwhich is same thermosetting 
resin , satisfies this request. 



[0014] 



[0014] 
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^ y 7 $ ? K^AhU^ ?I As for polyamideimide resin , tensile strength with 78.4 - 98 

;4578.4~98MPa-^fc 0 . MW^^M MPa , vertical elastic modulus with 1960 - 2940 MPa , 

i'^ i960-2940MPaT'fo V . Wnm-A'^lO~20%V elongation being 10 - 20% is desirable, (It corresponds to 

h^^timt. LVHfS*«2(cm)o Claim 2 ). 



If tensile strength was 78.4 MPa or greater , satisfactory 
abrasion resistance to be acquired even with whenit formed 
this composition as coating in practical limits , to be few for 
the coating to destroy, on one hand, exceeding 98 MPa , that 
because the abrasion resistance improved effect above is 
small. 



[0015] 



[0015] 



When it formed in sliding portion surface , with this 
composition as coating especiallyit influences vertical elastic 
modulus . 



When vertical elastic modulus is low, coating becomes easy, 
to becomedeformed can disperse contact stress of counterpart 
member . 



Dispersing namely, contact stress in aspect of broad range of 
coating , becauseit is possible to receive, contact stress 
(Namely contact pressure ) of per unit surface area becomes 
small,also coefficient of friction becomes small. 



So 



But, when coating becomes deformed too much, there is a 
possibility adhesiveness of sliding portion which is a substrate 
becoming bad. 



On one hand, when vertical elastic modulus is high, amount of 
deformation of coating becomes small, but because contact 
pressure of counterpart member becomes large, the coefficient 
of fi-iction becomes large, seizure it is easy, there is a 
possibility ofbeing easy to wear. 



l5l960-2940MPaCO® ffl^Wii T' fo S „ 



From these reasons, as for vertical elastic modulus of PAI, 
range ofabove-mentioned 1960 - 2940 MPa is ideal. 



[0016] 



[0016] 



elongation , it is something which shows ratio of amount of 

deformation (Extension) of material of load condition for 
length of material in no load state with percent . 
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When coating it does composition of this invention in sliding 
portion , when the elongation of PAl which becomes substrate 
is large, coating film becomeseasy, to become deformed can 
disperse contact stress of counterpart member . 



Dispersing namely, contact stress in aspect of broad range of 

coating , becauseit is possible to receive, contact pressure " 
becomes small, also coefficient of friction becomes small. 



But, when coating becomes deformed too much, there is a 
possibility adhesiveness of sliding portion becoming bad. 



On one hand, when elongation is small, amount of 
deformation of coating becomessmall, but because contact 
pressure of counterpart member becomes large, coefficient of 
friction becomes large, seizure it is easy, there is a possibility 
of beingeasy to wear. 



15 10-20%|EH W'M X'h?>o 



From these reasons, as for elongation of PAI, above- 
mentioned 10- 20% ranges are ideal. 



[0017] 



[0017] 



(b ) microcapsule 



microcapsule configuration is done from lubricant which 
consists of oil or grease which is wrapped in film and said film 
which consist of the resin . 



Just, it exists with state like bubble which includes the 
lubricant of liquid or semi-liquid condition and, in in PAI 
which becomes substrate , it is decided that lubricant covers 
sliding surface by factthat foaming it does guarantees lubricity 
of sliding surface . 



If it is something which carries out this function, especially 
you donot question configuration of microcapsule . 



With for example spherical shape and it is good with disk 
shape . 



In addition, it is not necessary in portion of film a hole and a 
slot etc there to be, lubricant something which is closed 
airtightcompletely by film to be. 



Page 15 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP2002069473A 



2002-3-8 



[0018] 



[0018] 



film which microcapsule configuration is done consists of 
resin . 



this resin is not something which especially is limited. It is 
desirable to make mixed resin which consists of resin of 2 
kinds or more . 



(It corresponds to Claim 3 ). 



It is to have become clear depending upon experiment , but 
when the film of microcapsule is formed with single resin , 
slot and hole ispossible in film , closing airtight oil , grease 
which is a lubricant inside film , encapsulation doing 
accompanies difficulty of certain extent . 



When capsule film is formed with mixed resin , slot and hole 
to bedifficult to be possible, because of this , closing airtight 
the oil , grease , encapsulation being easily possible to do, it 
can form film which is superior in liquid-tightness in film . 



(Dmmizx*)mi^^-t^^t7!)^x^^o 



When film is superior in liquid-tightness , there are not times 
when the oil , grease leaks from capsule film with composition 
interior , microcapsule foaming theyare possible, with friction 
with counterpart member . 



ta^x^^o 



Because of this , long-tCTm maintenance is possible 
satisfactory frictional characteristic which composition for 
sliding portion of this invention has. 



[0019] 



[0019] 



When capsule film is formed with mixed resin , mixed resin , 
it is desirable tomake mixed resin which is formed fi'om any 2 
kinds of urea resin , melamine resin , benzoguanamine resin 
(It corresponds to Claim 4 ). 



■ymmtm^^fi?>ii(oxh?>o 



These resin have had thermosetting and amino resin and it is 
something which generic is done. 
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^ l/T^Sflg(UF){±i^fitt;d^ h ^ , SJIj^ t> iW] urea resin (UF ) is a heat resistance , also hardness is high. 

V o 

^ >'1$tlH(MF)(4ffl-®^tt(^'ffiixT:fc melamine resin (MF ) is superior in impact resistance , is also 

'9^ WiWt^hh^^ itiJ^ttf^ t)Mil>TV^ a heat resistance, is superioreven in flame resistance. 

t,fz..^^l^:/^Tir^ ^Itfla (UBGF) \tMB(D In addition, benzoguanamine resin (UBGF ) is something 

Wi^ y y ^ \^^'i^^\^f:i^(D^h^o which improves crack resistance of the MF. 



«9 ctl/^;^y^r;uJl;O^^J 



According to mixed resin of these resin it can form capsule 
film where the characteristic is better easily. 



5)UF, MF. UBGF^7)^/^Ttb;6^2ffi(DiB^tt:( 



In case of this , it is more desirable 3: 7 - 7: to designate the 
proportion (mass ratio ) of any 2 kinds of UF, MF, UBGF in 
mixed resin as 3. 



From film which is superior in air tightness can be formed 
bydesignating proportion as inside this range, in comparison 
with thoseof this out of range . 



[0020] 



[0020] 



oil , grease which encapsulation is done usually in 
microcapsule being somethingwhich is used as lubricant , in 
addition, being something whichconforms to use environment 
temperature of composition for sliding portion of this 
invention , at thesame time, if it is something of liquid or semi- 
liquid condition, especially types is not questioned. 



Selecting those which possess viscosity etc which responds to 
the frictional characteristic which is required to sliding surface 
appropriately, it should haveused. 



[0021] 



[0021] 



PAI 5 ^ ^ n ;^ T^ir y fj]^ 



As for existence fraction of microcapsule in in PAI, it is 
desirable todesignate microcapsule as 1 - 60 parts, by weight , 
vis-a-vis PAIlOOparts by weight . 
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By comparison with those of this good range , microcapsule 
under 1 part by weight , the satisfactory coefficient of friction 
ameliorating effect , sieze resistance improved effect to be 
small, in addition, when microcapsule exceeds 60 parts by 
weight .because specific gravity of PAIsubstrate decreases, 
intensity of composition itself todecrease, because abrasion 
resistance decreases. 



[0022] 



[0022] 



embodiment which includes (2) solid lubricant 



composition for sliding portion of this invention , with 
polyamideimide resin which becomes the substrate and can be 
dispersed by said polyamideimide resin and can execute with 
embodiment which includes solid lubricant which is dispersed 
to polyamideimide resin microcapsule which lubricant 
encapsulation is done in addition to, (It corresponds to Claim 
5). 



solid lubricant in order to possess self lubricity , composition 
for sliding portion whichis executed with this embodiment , 
furthermore coefficient of friction is small, itbecomes 
composition where counterpart attacking property is low. 



[0023] 



[0023] 



As solid lubricant , it is not something which especially limits 
types . 



Selecting appropriately according to frictional characteristic 
which it tries toobtain for example graphite , sulfide , fluorine 
compound , hexagonal crystal type BNor other general 
lubricant , you can use. 



^4 



However, it is desirable to make one kind or more which is 
chosen solid lubricant .from sulfide , fluorine compound , 
graphite (It corresponds to Claim 6 ). 



^W)^^^&^^{t. ^S.&^^TX'^ As for composition for sliding portion , when it is used under 

ffl$tL'5^-o;5^6!^^<7i^"'o wide temperature condition is not little. 
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As for piston for for example automobile engine , at time of 
engine starting it means tobe used in under ambient 
temperature environment , but when engine does.tempa°ature 
rise , itmeans to be used in under high temperature condition . 



Because of this , stabilizing in under temperature condition 
where also the solid lubricant which is contained in 
composition of this invention is wide, there aretimes when it is 
required that it maintains high self lubricity . 



2>o 



Even in solid lubricant , especially sulfide , fluorine 
compound , graphite is superior in self lubricity bycomparison 
with other solid lubricant , stabilizing in addition that the self 
lubricity which is superior relatively in under temperature 
condition of broad range ,can maintain. 



[0024] 



[0024] 



When sulfide is used as solid lubricant , as for sulfide , it is 
desirableto be a at least 1 kind of molybdenum disulfide and 
tungsten disulfide . 



mitm.mcou^m'^^ri^isi^^x^^Lxm. 



It is possible these even in sulfide to be superior in 
theespecially self lubricity , stabilizing in addition this self 
lubricity which issuperior relatively in under temperature 
condition of broad range , to maintain. 



[0025] 



[0025] 



When fluorine compound is used as solid lubricant , as for 
fluorine compound , it is desirableto be a at least 1 kind which 
is chosen from polytetrafluoroethylene , tetrafluoroethylene - 
perfluoro alkyl vinyl ether copolymer , tetrafluoroethylene - 
hexafluoropropylene copolymer , tetrafluoroethylene - 
ethylene copolymer , poly vinylidene fluoride , poly 
chlorotrifluoroethylene . 



mi. y ymit^<i^(D^xhm^^^¥iW} 
m^ij:mm<Dum^i^Tizi6\,^x^m vx 



It is possible these compound or blend of these compound 
even in the fluorine compound to be superior in especially self 
lubricity , stabilizing in addition this self lubricity which is 
superior relatively in under temperature condition of broad 
range , to maintain. 
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[0026] 



[0026] 



f4. PAi:ioofii:§i5(c:>tL. mwmmM 

l~500fiSg|5 i: 1- 5 r i: L V \ 



When it executes with embodiment which includes solid 
lubricant , as for the existence fraction of solid lubricant in 
PAI, it is desirable to designate the solid lubricant as 1 - 500 
parts by weight , vis-a-vis PAI: lOOparts by. weight . 



In comparison with those of this good range , when it makes 
under 1 part by weight .satisfactory coefficient of friction 
amehorating effect , sieze resistance improved effect not to be 
acquired, when we assume, that it exceeds 500 parts by weight 
, because quantity of PAI which becomes substrate relatively 
decreases satisfactory intensity not to be acquired, in 
addition,because there is a possibility sludge increasing with 
solid lubricant flaking . 



[0027] 



. [0027] 



Furthermore, furthermore it can execute composition for 
sliding portion of the this invention , with embodiment which 
includes hard particle . 



As for composition for sliding portion of this embodiment , 
because hardness characteristic of the hard particle appears in 
composition entirety , it becomes composition for sliding 
portion where abrasion resistance is higher. 



Here, cubic crystal system boron nitride (BN ), silicon nitride 
(Si<sub>3</sub>N<sub>4</sub> ), alumina (Al, 
<sub>2</sub>0<sub>3</sub> ) etc can be used as the hard 
particle . 



[0028] 



[0028] 



(3) manufacturing method 



^ixx\^^^%mmmt\m-thwis^m^ 



composition for sliding portion of this invention is not 
something which especiallylimits manufacturing method and if 
freely using technology regarding the composition 
manufacture which is already executed it should have 
produced. 



You explain below, concerning manufacturing method which 
becomes one example . 
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[0029] 



[0029] 



polyamideimide (PAI ) which becomes substrate , it is 
possible to form with the various methods which usually is 
used for formation of PAI reacting.it can form tricarboxylic 
acid anhydride like for example diisocyanate and trimellitic 
acid anhydride . 



In addition, microcapsule , it can form with various methods 
which usually isused for formation of microcapsule . 



^)\^m^'h^m-^m^<Dmt^^%^7L. php 

'So 



It adds and in aqueous system mixed solution which disperses 
oil , or grease whichis a for example lubricant , pH adjustment 
it does including starting material of resin whichforms capsule 
film , condensation polymerization does and can form. 



[0030] 



[0030] 



When blending doing microcapsule in PAI, you can adjust 
viscosity of PAI and in order to make mixture easy, selecting 
appropriate organic solvent ,you can add. 



this organic solvent if it is something which can melt PAI, is 
notsomething which especially is limited. 



for example N- methyl -2- pyrrolidone (NMP ) can be used. 



m)-^m.mM7Lfz.m.^mm^m\<~^h:Lb\,x 



In addition, aromatic solvent (xylene etc) or suitable amount is 
added also to use mixed solvent which it is possible ketones 
solvent (methyiethyl ketone etc) vis-a-vis NMP . 



S^Pgb/cPAI(C|a{$:fPi?ti^J(MoS2> PTFE 



When solid lubricant (MoS<sub>2</sub>, PTFE etc) enters 
into PAI which viscosity adjusting is done,dispersing solid 
lubricant with PAI and ball mill etc, after that itadds 
microcapsule , with propeller mixer etc agitates and disperses. 
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When only microcapsule it adds, propeller it can agitate to 
PAI including microcapsule , it can manufacture precursor of 
composition for the sliding portion by appropriate time 
mixing. 



Furthermore, in case of composition for sliding portion which 
includes the solid lubricant , case of blending of microcapsule 
, adding simultaneously, the blending it should have done. 



[0031] 



[0031] 



^ 0 Lxnhtitcmmi^^MmL. mut 
mm^m^-r^z t i>x^ -So 



In this way, precursor which is acquired can be heated, 
composition for sliding portion of this invention which 
microcapsule and according to need solid lubricant disperse in 
the PAI by thermal curing doing PAI which becomes substrate 
, can beproduced. 



[0032] 



[0032] 



embodiment as (4) coating film 



mcmMi-ih(ox'itfj:\>\ 



composition for sliding portion of this invention is not 
something which especiallylimits configuration . 



Main composition of for example forming in various 
configuration , it is possible toexecute with embodiment of 
sliding portion which consists of only this composition . 



^j^i^^^^mmm^^ ='-^ ^ y ^ Lxm 



As practical embodiment , coating doing composition of this 
invention in portion which becomes sliding surface of sliding 
portion which consists of for example metal , ceramic etcit can 
execute with embodiment as coating film which was formed 
{It corresponds to Claim 7 ). 



[0033] 



[0033] 



coating method when it forms as coating film is not something 
which especiallyis limited and known method which if is used 
for conventional resin coating should havebeen adopted. 
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y^'^m^]imi-^:itMx^^, 



As in for example description above with air spray and brush 
appHcation doing composition precursor which is 
manufactured in sliding portion , after depositing.thermal 
curing doing PAI in sliding portion making use of electric 
furnace or other heater , it canform coating film . 



[0034] 



[0034] 



its fc to 180-270 degCO^aSlcMi" 



When thin coating is formed, in order to harden PAI at 
astroke, it is desirable to heat to temperature of 180 - 270 deg 
C. 



Mmi.x^mtvzm(Dmm^ms^L. 



In addition, case thick coating is formed, for example 
precursor the preheating doing first in temperature of 80 deg 
Cexterit , it forms coating of the semicured state , next 
laminate it does precursor on this coating furthermore with air 
spray and etc furthermore it can use method which it heats. 



deg C<r)Um^1}m-ttliti:^\ 



i>^t7!)^X'^^o 



With this method , when laminate it does coating which 
becomes the intermediate layer , it heats to temperature of 80 
deg Cextent and after if laminate itshould have heated coating 
which becomes topmost layer to temperature of 180 - 270 deg 
C. 



coating film which possesses desired thickness by as 
repeating laminate can be formed easily. 



needed 



[0035] 



[0035] 



Furthermore, case of coating , in order adhesiveness of 
coating toimprove, surface of sliding portion doing 
prewashing , degreasing , etc it becomes dirty.it is desirable to 
remove oil component etc. 



l^.mWsUU(Dmm^. 0iJ;tf^5O-12O degCW 



In addition, it decreases beading , flap of coating which 
coating is done, in order to form uniform coating , surface of 
sliding portion , it isdesirable pre heat to make temperature of 
for example 50-120 deg C, beforehand. 



[0036] 



[0036] 
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=3 — T -1" ^'W^ t LX(D X'MM't^ When it executes with embodiment as coating film , as for 

ig^, -r-Y n 7°ir/KD^|±, =i — X i' diameter of the microcapsule , it is desirable 10 - 100% of 

yi;fW.B<^B:W-(DlO~lOO%X'h ^Zt i^Mt. film thickness of coating film to be, (It corresponds to Claim 8 



^^ulj •f±jv(D%iiW^(r) 100% ^ S 



By comparison with those of this good range , diameter of 
microcapsule under 10%of coating , to be a possibility 
satisfactory coefficient of friction ameliorating effect , sieze 
resistance improved effect stopping being acquired,in 
addition, when diameter of microcapsule exceeds 100% of 
coating , the microcapsule to become state which protruding is 
done from sliding surface .because all-microcapsule foaming 
does at one time with initial contactwith counterpart member . 



As for thickness of coating which is used for skirt part of for 
example piston there are many times when it is formed to 
20;mu m extent , in case of the this as for diameter of 
microcapsule it is good to make 2 - 20;mu m . 



Furthermore, when microcapsule you think of that sequential 
foaming it does in the continual , as for diameter of 
microcapsule for thickness of coating it ismore desirable to be 
10 - 66%. 



If fiirthermore, diameter of microcapsule , in practical with 
average particle diameter it should have managed. 



[0037] 



[0037] 



In addition, including solid lubricant , when coating film is 
formed, particle diameter of solid lubricant 2.5 - 75% of film 
thickness of coating doing is desirable. 



By comparison with those of this good range , in case under 
2.5%, is becauseby fact that solid lubricant is added 
satisfactory coefficient of friction reducing effect , sieze 
resistance improved effect not to be acquired, inaddition, 
when it exceeds 75%, solid lubricant from coating to fall 
offthere is a possibility of becoming easy due to friction with 
the counterpart member . 



If furthermore, also particle diameter of solid lubricant , in 
same way in the practical with average particle diameter it 
should have managed. 
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You explained above (5), concerning embodiment of 
composition for the sliding portion of this invention , but 
composition for sliding portion of this invention canexecute 
embodiment which description above is done with various 
form which administers various inodification and 
improvement with theabove-mentioned embodiment as 
beginning, on basis of knowledge of the person skilled in the 
art to be no .more than a one embodiment . 



[0039] 

immm 



[0039] 



[Working Example(s)] 



2)o 



You explain composition for sliding portion of this invention 
concerning experimental method and experimental apparatus , 
experimental result in order to measure coefficient of friction , 
seizure load , amount of wear of composition which forms 
coating film of these sample of sample , which coating is 
done, in thesection of this working example in sliding portion 



[0040] 



[0040] 



{Production of sample ] 



(l)^Ji^Jl Oi^- yy^jU sample of (1) Working Example 1 



^ HPC4250) t s - (DFAlliZ. $ tlfc ^ 



composition for sliding portion which coating is done PAI 
(Hitachi Chemical Co. Ltd. (DB 69-053-5794 ) KK make, 
tradename HFC 4250 ) with,consists of microcapsule which is 
dispersed to this PAI in sliding portion . 



[0041] 



[0041] 



PAI05I o 3S "9 ^^(488.2MPa. mW^mW 
fi2009MPa. WXfmiin%tLtZo 



As for tensile strength of PAI as for 88.2 MPa , vertical elastic 
modulus as for2009 MPa , elongation 17% it did. 



ymB(UBGF)t;^ 7 5 ymfiB{MF)t<DiMi'^ 
:^SJ30d^ h BMM ^ Ltz-h<D)jb^ff^^ 



In addition microcapsule , benzoguanamine resin (UBGF ) 
with melamine resin (MF ) with oil (Those which remove 
additive from tradename Castie neo SJ30. ) encapsulation 
being done in film which consists of mixed resin , usedthose 
which are formed. 
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Agpi: LT3fil:lf|5i: L^o 



average particle diameter of this microcapsule made 4;mu m , 
microcapsule addition quantity made 3 parts by weight with 
PAI.as 100 parts by weight . 



%tz. .:t^/U'SrlOOSft^i b^c#-^. m 
^50fil:lf|5t L. mrffM-r?)UBGF<5:MF 
<b (73ia-&Jt(Sl:Jt)f4l:l h Lfco 



In addition, when oil is designated as 100 parts by weight , 
film wasdesignated as 50 parts by weight , proportion (niass 
ratio ) of UBGF and MF whichform film 1 : made 1 . 



[0042] 



[0042] 



PAIlOOfiftgPIC^t. 400S 



this composition after adding N- methyl -2- pyrrolidone (NMP 
) of 400 parts by weight vis-a-vis FAIlOOparts by weight 
,threw above-mentioned microcapsule . manufactured 8 -hour 
by agitatingwith propeller mixer . 



^ytP^LfcM^t)^. M^lOO degCtr 
>'^ffl^^T180 deg C~200 deg CT'IOO^J-Psl^ 



In addition composition which is manufactured, in 100 deg C 
after the degreasing in sliding surface of sliding portion of 
platelet which pre heat is done,application was done with air 
spray , coating film was formed 100 min bycalcihing with 180 
deg C-200 deg C making use of electric oven . 



thickness of coating film was approximately 15;mu m . 



sample which it produces this way was designated as sample 
of Working Example 1. 



[0043] 



[0043] 



sample of (2) Working Example 2 



composition which coating is done made similar to those of 
Working Example I in sliding portion . 



spray it did composition for ±is sliding portion , with method 
which issimilar to case where sample of Working Example 1 
is produced in the sliding surface of block sliding portion 
formed coating film . 



^(DX 9 {d LXi^M Ltc^ yzfj^^MM^]! sample which it produces this way was designated as sample 

(D^> tLtCo of Working Example 2 . 

[0044] [0044] 
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sample of (3) Working Example 3 



composition which coating is done, PAI (Hitachi Chemical 
Co. Ltd. (DB 69-053-5794 ) KK make, tradename HPC 4250 
) with, microcapsule whichis dispersed to this PAI and, 
furthermore consists of solid lubricant whichis dispersed to 
this PAI in sliding portion . 



10045] 



[0045] 



PAIO^I 3tSfi88.2MPa. «#Mic 

(42009MPa. {$U«^f4l7%i: LfCo 



As for tensile strength of PAI as for 88.2 MPa , vertical elastic 
modulus as for2009 MPa , elongation 17% it did. 



In addition microcapsule oil (Idemitsu Petrochemical Co. Ltd. 
(DB 69-054-8953 ) make, tradename Idemitsu polybutene 
15R ) encapsulation being done in film which consists of 
mixed resin of UF and MF, used thosewhich are formed. 



L. •7^:J'o;^7^-1ryu^ilPft{4PAI?rl00fi 



average particle diameter of this microcapsule made 10;mu m 
, microcapsule addition quantity made 20 parts by weight with 
PAI as 100 parts by weight . 



^^lOOSl:^^ lli^ffM-rsUFi:MF<b 



In addition, when oil is designated as 100 parts by weight , 
film wasdesignated as 100 parts by weight , proportion (mass 
ratio ) of UF and MF whichform film 1: made 2. 



[0046] 



[0046] 



:^(MoS2)(iSp"pi& '0)^ V y T)^^ffl L 



Furthermore and, solid lubricant used 2 molybdenum sulfide 
(MoS<sub>2</sub> ) (tradename ulu-a pure ). 



*fi. PAI^100S*aii: LT200fi»ti5i: L 



average particle diameter of this solid lubricant made l;mu m , 
addition quantity made 200 parts by weight with PAI as 100 
parts by weight . 



TMoSzlr^tlc L W -e 5 o 



composition which forms coating film of sample of namely, 
this working example is somethingwhich disperses 
MoS<sub>2</sub> to composition of sample of Working 
Example 1, furthermore as solid lubricant . 



[0047] 



[0047] 
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mw}^umm^li^>)(Dmm:)Jm^t. paiioos 



After adding NMP of 400 parts by weight vis-a-vis 
PAIlOOparts by weight , with the ball mill after dispersing, 5 
hours it agitated manufacturing method of composition for 
sliding portion , with propeller mixer including microcapsule , 
dispersed. 



[0048] 



[0048] 



spray it did composition for above-mentioned sliding portion , 
with the method which is similar to case where sample of 
Working Example 1 isproduced in sliding surface of platelet, 
sliding portion fomied coating film . 



sample which it produces this way was designated as sample 
of Working Example 3. 



[0049] 



[0049] 



sample of (4) Working Example 4 



composition which coating is done made similar to those of 
Working Example 3 in sliding portion . 



spray it did composition for this sliding portion , with method 
which issimilar to case where sample of Working Example 3 
is produced in the sliding surface of block sliding portion 
formed coating film . 



(D-^'^^jut L/C. 



sample which it produces this way was designated as sample 
of Working Example 4. 



[0050] 



[0050] 



sample of (5) Working Example 5 



D*7'ir>'Ui^;6Pl:Sr, PAIlOOfiSlfPi: LT8 



composition which coating is done is something which is 
made 8 parts by weight in composition of sample of Working 
Example 1, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule which you use 
issimilar to case where sample of Working Example 1 is 
produced. 
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(6-fv-f)Vh Life. 



sample which it produces this way was designated as sample 
of Working Example 5. 



10051] 



[0051] 



(6)|ISI^j6(Df->-y>'U 



sample of (6) Working Example 6 



|l(Df•:/7°y^O|&)75^#^c*DV^T. -^^^ 



composition which coating is done is something which is 
made 20 parts by weight in composition of sample of Working 
Example 1 , with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule which you use 
issimilar to case where sample of Working Example 1 is 
produced. 



^<DXoi^LXi^mLtc-^yz^;ui:nmm6 



sample which it produces this way was designated as sample 
of Working Example 6. 



[0052] 



[0052] 



(7)||^fe^J7(^1^>'7°/^ 



sample of (7) Working Example 7 



mmi(D-^yy^\^<Dm.^i^i,^io\,^x. -^4^ 

^iJ-y^/vm^^^. PAIl00Sl:g|5 i: L 



composition which coating is done is something which is 
made 30 parts by weight in composition of sample of Working 
Example 1, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



tmmxh^o 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule which you use 
issimilar to case where sample of Working Example 1 is 
produced. 



z<D^oiz-LximLti'\)-yy/u^mmm7 



sample which it produces this way was designated as sample 
of Working Example 7. 



[0053] 



[0053] 



sample of (8) Working Example 8 
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composition which coating is done is something which is 
made 50 parts by weight in composition of sample of Woricing 
Example 1, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



A. 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule which you use 
issimilar to case where sample of Worldng Example 1 is 
produced. 



sample which it produces this way was designated as sample 
of Working Example 8. 



[0054] 



[0054] 



sample of (9) Working Example 9 



^ ti:^zf±;U^jM&^. PAIlOOfi 



composition which coating is done is something which is 
made 3 parts by weight in composition of sample of Working 
Example 3 which disperses solid lubricant to composition of 
sample of Working Example 1, with microcapsule addition 
quantity , as PAIlOOparts by weight in sliding portion . 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule which you use 
issimilar to case where sample of Working Example 3 is 
produced. 



(r>^)y:f)vh Lit. 



sample which it produces this way was designated as sample 
of Working Example 9. 



10055] 



[0055] 



sample of (10) Working Example 10 



composition which coating is done is something which is 
made 5 parts by weight in composition of sample of Working 
Example 3, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



^fflbfcPAi. -7^^n:*7'-t/K miii^mm 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule , solid lubricant 
which you use issimilar to case where sample of Working 
Example 3 is produced. 
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sample which it produces this way was designated as sample 
of Working Example 10. 



10056] 



[0056] 



(ll)llilf(lll<^•t^^^y/^ 



sample of ( II) Working Example 1 1 



composition which coating is done is something which is 
made 10 parts by weight in composition of sample of Working 
Example 3, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



imLtzm-B-tmrnxh^o 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule , solid lubricant 
which you use issimilar to case where sample of Working 
Example 3 is produced. 



sample which it produces this way was designated as sample 
of Working Example 11. 



10057] 



[0057] 



sample of (12) Working Example 12 



composition which coating is done is something which is 
made 35 parts by weight in composition of sample of Working 
Example 3, with microcapsule addition quantity , as 
PAIlOOparts by weight in sliding portion . 



formation method etc of preparation method , coating film of 
material , composition of PAI, microcapsule , solid lubricant 
which you use issimilar to case where sample of Working 
Example 3 is produced. 



sample which it produces this way was designated as sample 
of Working Example 12. 



[0058] 



[0058] 



(13)Jti550iJl(^lj-vy/U 



sample of (13) Comparative Example I 



composition which coating is done, consists of PAI and solid 
lubricant (MoS<sub>2</sub> ) which are similar to Working 
Example 3 in sliding portion . 
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It is similar to those which do not add microcapsule in 
composition whichforms coating film of sample of namely, 
Working Example 3. 



addition quantity of solid lubricant made 230 parts by weight 
with PAI as 100 parts by weight . 



preparation method of composition you inserted solid 
lubricant in PAI and with ball mill 8 -hour you produced with 
method which is agitated. 



formation method etc of coating film is similar to case where 
sample of Working Example 3 is produced. 



sample which it produces this way was designated as sample 
of Comparative Example 1 . 



[0059] 



[0059] 



sample of (14) Comparative Example 2 



composition which coating is done made similar to sample of 
the Comparative Example 1 in sliding portion . 



spray it did composition for this sliding portion , with method 
which issimilar to case where sample of Comparative 
Example 1 is produced in the sliding surface of block sliding 
portion formed coating film . 



^(oxo\zLxi'fmLtz'>)-yzf/u^itmm2 



sample which it produces this way was designated as sample 
of Comparative Example 2. 



[0060] 



[0060] 



(15)it$^^j30f-:/7°/U 



sample of (15) Comparative Example 3 



1 1 mm<DPAl<D^7b^ bf£?)o 



composition which coating is done consists of only PAI which 
issimilar to Working Example 1 in sliding portion . 
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5„ 



It is similar to those wliich do not add microcapsule in 
composition whichforms coating film of sample of namely, 
Working Example 1. 



=3 —T ^ y^'^f^(DM formation method etc of preparation method . coating film of 

]^:^^^^iMMMl<0•^ LtcM composition is similar to case where sample of Working 

t I^^HTfe 5)o Example 1 is produced. 



sample which it produces this way was designated as sample 
of Comparative Example 3. 



[0061] 



[0061] 



{experimental method and experimental apparatus } 



Wt Lit. 



(1) experimental condition condition which is not lubricant at 
all between coating film and counterpart member which 
coating are done (Below "no lubrication condition " with it 
names. ) with, made 2 conditions of the condition (Below 
"lubrication condition " with it names. ) which has oil (Those 
which remove additive from tradename Castle neo SJ30. ) 
which is a lubricant between coating film and counterpart 
member in surface of sliding portion . 



Furthermore, fact that additive is removed is in order to 
makeeffect of microcapsule clear. 



[0062] 



[0062] 



In addition, measurement item made 3 items of coefficient of 
friction , seizure load , amount of wear . 



thrust tester -was used to measurement of coefficient of friction 
, seizure load . 



gist of thrust tester is shown in Figure 1 . 



tt^*t(5i^500Hv)2(DHff^S20^}f to^7 



As shown in Figure 1 , this test machine in coated surface 10 
of platelet sample 1 which turns, is coefficient of friction of 
composition for sliding portion which forms the coating film 
hollow cylindrical member of outer perimeter diameter 25 mm 
diameter , inner perimeter diameter 20mm diameter of steel 
which islocked (hardness 500 hv ) by pushing round surface 
20 of 2, and something which measures the seizure load . 
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With latest experiment , while step doing in every 196 N, 
itkept increasing pushing basting load , gradually. 



-eiOOOrpm. M?i?t^#T-C100rpmi: t^. 



In addition, rotation rate of platelet sample 1 under lubrication 
condition made 100 rpm under 1000 rpm , no lubrication 
condition . 



Furthermore, sample which is used for measurement of seizure 
load is sample of Working Example 1, Working Example 3, 
Working Example 5- Working Example 12, Comparative 
Example 1, Comparative Example 3. 



In addition, sample which is used for measurement of 
coefficient of friction is sample of Working Example 1, 
Working Example 3, Comparative Example 1. 



[0063] 



[0063] 



Here, seizure , when being pushed to coated surface where 
hollow cylindrical member tums,when coefficient of friction 
exceeds 0.3, it judged as seizure (0.3 When it exceeds, as for 
coating film suddenly wear, becoming the state which peels 
off, it is ). 



^Loit^^£l960N{c:fc 



In addition, as for coefficient of friction , value in pushing 
basting load 1960N wasused. 



10064] 



[0064] 



block -on -ring tester , and surface roughness gauge were used 
to measurement of (2) amount of wear . 



gist of block -on -ring tester is shown in Figure 2 . 



^5 W(5g^500-600Hv)3 (Dm ')j ffi30± H 



As shown in Figure 2 , block -on -ring tester composition 
which forms coating film the ring member of outer perimeter 
diameter 35 mm diameter of steel which turns (hardness 
500-600 hv ) bypushing coated surface 40 of block sample 4 
which is locked on circumferential direction surface 30 of3, 
rubbing , is something which wears. 
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[0065] 



[0065] 



With latest experiment , as for pushing basting load of sample 
4 98 Pa , pushing basting hours it made 20 minutes. 



^tc. y ^i7"(D(Hlifc^f430rpmt Lfc„ 



In addition, rotation rate of ring made 30 rpm , 



5>o 



Furthermore, sample which is used for measurement of 
amouiit of wear is sample of Working Example 2 , Working 
Example 4, Comparative Example 2. 



[0066] 



[0066] 



After experiment , coated surface scan was done with surface 
roughness gauge , the coated surface perpendicular direction 
depth of sliding element for non- sliding element of coated 
surface was measured, this value was designated as amount of 
wear . 



[0067] 



[0067] 



configuration , seizure load , coefficient of friction , amount of 
wear of composition for sliding portion which forms coating 
film of the sample of sample , Comparative Example of 
Working Example in {experimental result } Table 1 and Table 
2 is shown. 



[0068] 

[mi] 



[0068] 
[Table 1] 
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[0069] [0069] 



[*2] [Table 2] 
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10070] 



[0070] 



(1) First, in lubrication condition , no lubrication condition , it 
examines 1) concerning seizure load of the composition for 
different sliding portion of each configuration , PAI+solid 
lubricant , 2) PAI+microcapsule , 3) PAI+microcapsule +solid 
lubricant : 



ffl ^ ^ /-c f - y ://Ki ^ Jfe^J 1 (P AI+ -7 



sample which is used for experiment Working Example 1 
(PAI+microcapsule ), Working Example 3 
(PAI+microcapsule +solid lubricant ), is Comparative 
Example 1 (PAI+solid lubricant ). 



■to 



Concerning composition (Below, "sample " with it names 
simply. ) for sliding portion which forms coating film of these 
sample result of measuring seizure load due to thrust tester is 
shown in Figure 3 . 



5l96(N)-e^t#V>TL$ofcfc«). 



Furthermore, as for sample of Comparative Example 1, 
because with no lubrication condition itbums with 196 (N ) 
which are a initial stage step value of pushing basting load , 
itcould not- measure seizure load . 



[0071] 



[0071] 



First, it examines with presence or absence of microcapsule 
addition concerning the difference of seizure load . 



From Figure 3 , in lubrication condition and no lubrication 
condition , sample of Working Example 1 and 3 which adds 
microcapsule , seizure load being high in comparison with the 
sample of Comparative Example 1 which does not add 
microcapsule you understood. 



Method which adds namely, microcapsule , as for seizure load 
of composition highthing you understood. 



5o 



Furthermore that, seizure load is high fact that frictional force 
is smallwith notion that where, seizure does not occur to load , 
itmeans. 



[0072] 



[0072] 
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Next, it examines with presence or absence of solid lubricant 
addition concerning the difference of seizure load . 



In Figure 3 , when sample of Working Example 1 which does 
not add solid lubricant and sample of Working Example 3 
which adds solid lubricant are compared, as for seizure load 
(Table 1 reference), as for difference it was not seen together 
with 4704 (N )regarding lubrication condition . 



On one hand, sample of Working Example 3 it understood in 
comparison with sample of Working Example 1 regarding no 
lubrication condition , that seizure load is high. 



Regarding namely, especially no lubrication condition , 
method which adds solid lubricant ,as for seizure load of 
composition high thing you understood. 



[0073] 



[0073] 



±tBi). 2). 3)irv^9#^1f^(DS^<e^ll^ 



(2) Next, in lubrication condition , no lubrication condition , it 
examines description above 1), 2) and 3)with concerning 
coefficient of friction (Value in load 1960N ) of different 
composition of each configuration which is said. 



^ xi-ti-f-^)V), ^liS^j3(PAl+-7-r p:*y 



sample which is used for experiment Working Example 1 
(PAI+microcapsule ), Working Example 3 
(PAI+microcapsule +soIid lubricant ), is Comparative 
Example 1 (PAI+solid lubricant ). 



Concerning these sample result of measuring coefficient of 
friction due to the thrust tester is shown in Figure 4 . 



Furthermore, because sample of Comparative Example 1 
bums with load ofl96 (N ) or less, it could not measure 
coefficient of friction with no lubrication condition of the 
sample of Comparative Example 1 . 



[0074] 



[0074] 



First, it examines with presence or absence of microcapsule 
addition concerning the difference of coefficient of friction . 
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From Figure 4 , in lubrication condition and no lubrication 
condition , sample of Working Example 1 and 3 which adds 
microcapsule , coefficient of friction being small in 
comparison with the sample of Comparative Example 1 which 
does not add microcapsule you understood. 



Method which adds namely, micrdcapsule , as for coefficient 
of friction of composition smallthing you understood. 



10075] 



[0075] 



Next, it examines with presence or absence of solid lubricant 
addition concerning the difference of coefficient of friction . 



tt0.033T-fcS(7){c:^L. IIJS^j3(731^>7°yU 



In Figure 4 , when sample of Working Example 1 which does 
not add solid lubricant and sample of Working Example 3 
which adds solid lubricant are compared .regarding lubrication 
condition , as for coefficient of friction of sample of Working 
Example 1 as for coefficient of friction of sample of Working 
Example 3 (Table 1 reference), it understood with 0.028 
0.033vis- a-vis being, that sample of Working Example 3 as 
for coefficient of friction issomewhat smaller. 



sample of Working Example 3 it understood in comparison 
with sample of Working Example 1 in addition, regarding no 
lubrication condition , that coefficient of friction is small. 



In namely, lubrication condition and no lubrication condition 
both parties, method which adds solid lubricant ,as for 
coefficient of friction of composition small thing you 
understood. 



[0076] 



[0076] 



(3)^(c. mm^moo^'f^. ±fsi). 2). 3) 



(3) Next, in lubrication condition , it examines description 
above 1), 2) and 3) with concerning amount of wear of 
different composition of each configuration which is said. 



sample which is used for experiment Working Example 2 
(PAI+microcapsule ), Working Example 4 
(PAI+microcapsule +solid lubricant ), is Comparative 
Example 2 (PAI+solid lubricant ). 
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10077] 



t3 0^ft:is^>/^t/^^ i ;6SJ|£ijo^c:„ 



[0078] 



[0079] 



5o 



Sl:Si5). llife0iJ5(8sAn*8a»gi5), ||JS^J6( 

SsAD»20m*lfi5). ll]!S0ij7(?gsADft3Ofi* 
U). ^JS^lJ8(^^)D*50M*gi5), Jtg50ij3(^ 



Concerning these sample result of measuring amount of wear 
due to the block -on -ring tester , and surface roughness gauge 
is shown in Figure 5 . 

[0077] 

First, it examines with presence or absence of microcapsule 
addition concerning the difference of amount of wear . 

From Figure 5 , sample of Working Example 2 and 4 
microcapsule is added, the amount of wear being less in 
comparison with sample of Comparative Example 2 which 
doesnot add microcapsule you understood. 

That method which adds namely, microcapsule , as for amount 
of wear of composition isless, it understood abrasion 
resistance is good. 

[0078] 

Next, it examines with presence or absence of solid lubricant 
addition concerning the difference of amount of wear . 

In Figure 5 , when sample of Working Example 2 which does 
not add solid lubricant and sample of Working Example 4 
which adds solid lubricant are compared, the sample of 
Working Example 2 , as for amount of wear a less thing you 
understood incomparison with sample of Working Example 4. 

Method which does not add namely, solid lubricant , as for 
abrasion resistance of composition high thing you understood. 

[0079] 

(4) Next, in no lubrication condition , it examines 
microcapsule addition quantity (Below "addition quantity " 
with it names simply. ) with', concerning therelationship with 
seizure load . 

sample which is used for experiment , Working Example 1 
(addition quantity 3 parts by weight ), Working Example 5 
(addition quantity Spans by weight ), the Working Example 6 
(addition quantity 20parts by weight ), Working Example 7 
(addition quantity SOparts by weight ), Working Example 8 
(addition quantity SOparts by weight ), is Comparative 
Example 3 (no addition ). 
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Furthennore, as for solid lubricant it is not added to these 
sample . 



Result of measuring seizure load due to thrust tester 
concerning these sample , is shown in Figure 6 . 



Furthermore, as for sample of Comparative Example 3, 

because it bums with 196(N ) which are a initial stage step 
value of pushing basting load , it could not measure seizure 
load . 



[0080] 



[0080] 



1116 J: 19. -^^ ^tiiJzf^ji^^miMzmm 



From Figure 6 , sample of Working Example 1, 5, 6 , 7, 8 
which adds microcapsule , seizure load being higher than 
sample of Comparative Example 3 which does not add 
microcapsule you understood. 



In addition, it understood even with sample (Working 
Example 1 ) where addition quantity islittle relatively that 
seizure supression effect of certain extent is acquired. 



fl < Xhhi>mm^^ ^ttiX^?>Zti!)i 



Regarding namely, no lubrication condition , when 
microcapsule is added, it could control the seizure , in 
addition as for this effect addition quantity being little, the 
certain extent being able to acquire it understood. 



[0081] 



[0081] 



(5) Next, in lubrication condition , it examines concerning 
relationship between addition quantity and seizure load . 



sample which is used for experiment , Working Example 9 
(addition quantity 3 parts by weight ), Working Example 10 
(addition quantity 5parts by weight ), the Working Example 
11 (addition quantity lOparts by weight ), Working Example 3 
(addition quantity 20parts by weight ), Working Example 12 
(addition quantity 35parts by weight ), is Comparative 
Example 1 (no addition ). 



Furthermore, solid lubricant is added to these sample . 
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Result of measuring seizure load due to thrust tester 
concerning these saniple , is shown in Figure 7 . 



[0082] 



[0082] 



From Figure 7 , sample of Working Example 9, 1 0, 1 1, 3 , 12 
which adds microcapsule , seizure load being higher than 
sample of Comparative Example 1 which does not add 
microcapsule you understood. 



In addition, it understood even with sample (Working 
Example 9 ) where microcapsule addition quantity islittle 
relatively that satisfactory seizure supression effect is 
acquired. 



Regarding namely, lubrication condition and when 
microcapsule is added, it could control the seizure , in 
addition as for this effect addition quantity being little 
itunderstood that it can acquire. 



[0083] 



[0083] 



■i)^hfi^m.i^mt\m\.x. 



From experiment above (Summary) , by comparison with 
composition whichconsists of PAI which adds conventional 
solid lubricant with composition whichconsists of PAI which 
adds microcapsule of this invention , it waspossible, to make 
seizure load high, it was possible to make coefficient of 
friction small, what can make amount of wear little 
understood. 



[0084] 



[0084] 



ti^x^. m^^.m^^\^^<i-^zti^x 
^^^t^m-otzo 



In addition, furthermore, it was possible with composition 
whichconsists of microcapsule of this invention and PAI 
which adds solid lubricant to make seizure load high, what can 
make coefGcient of friction small understood. 



[0085] 



[0085] 



[Effects of the Invention] 
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coefficient of friction is small with composition for sliding 
portion consists of PAI which adds microcapsule of this 
invention is superior in abrasion resistance , can offer 
composition for sliding portion where counterpart attacking 
property is low. 



In addition, stabilizing frictional characteristic which 
description above it didand is superior, it can offer 
composition for sliding portion which it cancontinue can 
maintain. 



In addition, because even in microcapsule which foaming is 
done the oil it is kept with capillary phenomenon entering time 
of rubbing , the long period it does not operate and oil inside 
capsule operatesregarding condition where oil decreases and 
seizure , high;mu or other problem is difficult to occur. 



[Brief Explanation of the Drawing(s)] 



[mi] 



[Figure 1] 



It is a figure which shows gist of thrust tester . 



m2\ 



[Figure 2] 



It is a figure which shows gist of block -on -ring tester . 



[ma] 



[Figures] 



It is a figure which shows seizure load in lubrication condition 
, no lubrication condition . 



[1114] 



[Figure 4] 



TT-tmxh^o 



It is a figure which shows coefficient of friction in lubrication 
condition , no lubrication condition . 



115] 



[Figure 5] 



It is a figure which shows amount of wear in lubrication 
condition . 



[me] 



[Figure 6] 
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in?] 



It is a figure which shows relationship between microcapsule 
addition quantity and the seizure load in no lubrication 
condition . 



[Figure 7] 

It is a figure which shows relationship between microcapsule 
addition quantity and the seizure load in lubrication condition 
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[Explanation of Symbols in Drawings] 
I 

platelet sample 
10 

coated surface 



hollow cylindrical member 
20 

round surface 
3 

ring member 
30 

circumferential direction aspect 



block sample 



Page 44 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP2002069473A 



40 



40 



2002-3-8 



Drawings 

imi] 




coated surface 



[Figure 1] 



11112] 



30 




[HIS] 




14] 

OtZr 



0.15- 



^gail 5 Paterr stantMl 
ft 



OOS 
0 



[Figure 2] 



[Figure 3] 



[Figure 4] 
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